Noise control of vehicle cabins has been given high consideration owing to the increasing demands for comfort of ship vehicles. Noise source identification is the precondition of noise control. Conventional methods of noise source identification are mainly applied in free fields. The performance of noise source identification methods will be seriously decreased in enclosed space due to the effect of sound reflection. Noise source identification in enclosed space based on double cylindrical array is researched in this paper. The effect of reflection sound is removed by using the sound field separation technique. The combined method of near field acoustic holography and focused beamforming for noise source identification is proposed to identify noise sources having high and low frequencies. The performance of the proposed method is studied by simulation, and the experiment is carried out in the submarine cabin model to verify the feasibility of the proposed method. The researching results shows that the effect of reflection sound can be removed using sound field separation technique based on double cylindrical array, and the high-resolution identification for high and low frequency signals can be obtained using the combined method of near field acoustic holography and focused beamforming.
INTRODUCTION
Noise source identification is the key step for noise control. Conventional methods of noise source identification include near field acoustic holography and focused beamforming, but the conventional methods are usually used in the free field. [1] [2] [3] [4] [5] [6] In the enclosed space, such as vehicle cabin, the performance of noise source identification will be seriously decreased because of sound reflection of the wall and ceiling. 7, 8 Noise source identification in enclosed space is researched in recent years. In 1956, Pachner first proposed the idea of sound field separation technique. 9 In 1980, the theory of sound field separation based on spherical wave superposition method was established by Weinreich. 10 In 1993, sound field was reconstructed using sound field separation technique by Hallman and Bolton. [11] [12] [13] In 1995, the equation of sound field separation was given by Williams by summarizing the research results of formers. 14 In 1996, inversion of reflection coefficients of arbitrary incident angle based on plane sound field separation was given by H. E. Yuan-An. 15 In 2000, the noise source was located in cabin using BEM near field acoustic holography by Williams. 16 In 2003, sound field separation technique was researched to extend the application range using double plane array to obtain sound pressure by Yu Fei. 17, 18 In 2006, the method of extended SONAH was used to locate the noise source in vehicle cabin by Hald. 19 In 2007, spherical wave superposition was applied to measure the directivity and frequency response of low frequency sound equipment in a small room. 20 In 2008, the sound field separation technique based on equivalent sources was studied to reconstruct the sound field in bounded space by Bi C. X. 21 In 2012, spherical wave superposition method was used based on a double small half spherical array to identify the noise source in a car by Melon. 22 For solving the problem of noise source identification for high and low frequency signals in an enclosed space, combined method for noise source identification is researched based on double cylindrical array in this paper. The sound field separation technique is studied to remove the effect of reflection sound coming from the walls and ceiling. The combined method of near field acoustic holography and focused beamforming are proposed to identify the location of noise source. Near field acoustic holography is used for low frequency noise source location, and focused beamforming is used for high frequency noise source location. The high resolution of noise source identification for low and high frequency signals in an enclosed space is obtained by using the proposed method.
THEORETICAL ANALYSIS

Overview of Noise Source Identification in Enclosed Space
The sound field in enclosed space is comprised of direct and reflected sound because of the refection of walls and ceiling. As shown in Fig. 1 , noise source is in the interior of the double cylindrical array. The direct radiation sound goes out from the interior of the double cylindrical array, and the reflection sound reflected by the walls and ceiling comes in from the exterior of the double cylindrical array. The information of the sound field is acquired by the double cylindrical array. The direct and reflected sounds are separated by using the sound field separation technique. The noise sources are identified using near field acoustic holography and focused beamforming.
